Previously, we showed that an oligodeoxynucleotide (ODN) with AAAG repeats (AAAG ODN) rescued mice from fatal acute lung injury (ALI) induced by influenza virus and inhibited production of tumor necrosis factor-α (TNF-α) in the injured lungs. However, its underlying mechanisms remain to be elucidated. Upon the bioinformatic analysis revealing that the sequence of AAAG ODN is in consensus with the interferon regulatory factor 5 (IRF5) binding site in the cis-regulatory elements of proinflammatory cytokines, we tried to explore whether AAAG ODN could attenuate burn injury-induced systemic inflammatory responses by inhibiting the IRF5 pathway. Using a mouse model with sterile systemic inflammation induced by burn injury, we found that AAAG ODN prolonged the lifespan of the mice, decreased the expression of IRF5 in the injured skin, reduced the production of TNF-α and IL-6 in the blood and injured skin, and attenuated the ALI. These effects were correlated with AAAG ODN-mediated inhibition of nuclear translocation of IRF5. The data suggest that AAAG ODN could act as a cytoplasmic decoy capable of interfering the function of IRF5 and be developed as a drug candidate for the treatment of inflammatory diseases. online address: http://www.molmed.org
signaling pathway, various transcription factors, such as nuclear factor kappa B (NF-κB) and interferon regulatory factor (IRF) 5, mediate the signaling transduction to activate genes of proinflammatory cytokines (4) . IRF5 plays a central role in the inflammatory responses induced by TLR activation. TLR activation induces formation of the MyD88-IRF5-TRAF6 complex (4) , which allows relief from the C-terminal self-inhibition of IRF5 by phosphorylation (5) . The phosphorylated IRF5 is activated and moves from cytoplasm into nucleoli, where it binds the cis-regulatory element to initiate the transcription of TNF-α/β, IL-6 and IFN-β (6). IRF5 activation is much earlier than IRF3 and 7, which are also transcription factors downstream of the TLR7/9 pathway (7) , and specifically upregulate the expression of early inflammatory cytokines such as IL-8 (8) to recruit a large amount of neutrophils to elicit inflammatory responses, resulting in severe tissue of CpG motifs, can activate immune cells through binding of Toll-like receptor (TLR) 9 (1), initiating the TLR9/ MyD88 signaling cascade to produce large amounts of proinflammatory cytokines, including tumor necrosis factor-α (TNF-α), interleukin (IL)-6, IL-8 and interferon-α/β (IFN-α/β) (2, 3) . This signaling cascade can consequently lead to systemic inflammatory response syndrome (SIRS) (2, 3) . In the TLR9/MyD88 iNTRoDUCTioN Systemic inflammatory responses can be induced by pathogen infection or non-pathogen tissue damage. Tissue damage, such as burn injury, induces the release of damage-associated molecular patterns such as mitochondrial DNA (mtDNA) and provokes a particularly vigorous whole-body reaction (1) . If massively released from damaged tissues, mtDNA, with an abundance an oligodeoxynucleotide with aaaG Repeats Significantly attenuates Burn-induced Systemic inflammatory Responses by inhibiting interferon Regulatory Factor 5 Pathway
Yue Xiao, 1 Wenting Lu, 1 Xin Li, 1 Peiyan Zhao, 1 Yun Yao, 1 Xiaohong Wang, 2 Ying Wang, 1 Zhipeng Lin, damage, such as acute lung injury (ALI) (9) . These indicate that IRF5 is involved in the development of systemic inflammatory responses. There are some experimental clues to support IRF5 as a central regulator in the TLR signaling pathway: (1) When IRF5 is deficient, TLRs (TLR7/9, TLR4, TLR5) are not able to mediate inflammatory responses (4); (2) IRF5-deficient mice resist lethal shock induced by CpG ODN (TLR9 agonist) or lipopolysaccharide (LPS) (TLR4 agonist) (4) ; (3) individuals with IRF5 dysregulation may develop autoinflammatory diseases (10) ; (4) in CAL-1 cells, plasmacytoid-like dendritic cell (pDC) line cells, inhibiting IRF5 expression, significantly reduce mRNA expression of IFN-α and IL-6 (7); and (5) IRF5-/-mice have a significantly reduced number of neutrophils recruited into the lung post LPS challenge and reduced acute lung injury (11) . These studies demonstrate that blockade of IRF5 might be an effective method for downregulating production of inflammatory cytokines and therefore ameliorating acute inflammation. In our previous work, an oligodeoxynucleotide with AAAG repeats (AAAG ODN) was demonstrated to rescue mice from influenza virus-induced ALI and inhibit the activation of TNF-α in the mouse lung tissue (12) . Since the sequence of AAAG ODN is in consensus with the DNA-binding site of IRF5, we deduced that AAAG ODN could interfere with the function of IRF5 and be used to inhibit systemic inflammatory responses. Various reagents have been found to alleviate severe inflammatory reactions by interfering with IRF5. Mangiferin downregulates IRF5 expression, and therefore inhibits the activation of macrophages and the release of proinflammatory cytokines (13) . Baicalin alleviates dextran sodium sulfate-induced colitis by decreasing LPS-induced IRF5 expression (14) . Nanoparticle-delivered IRF5 siRNA promotes efficient transition of macrophages from M1 to M2 and functional recovery after spinal cord injury in mice (15) .
In this study, we established a mouse model with systemic inflammatory response syndrome (SIRS) induced by burn injury to find the possible mechanisms of how AAAG ODN inhibits systemic inflammatory responses. We found that AAAG ODN could alleviate the severe inflammatory responses by interfering with the function of IRF5.
MaTERiaLS aND METHoDS animals
Six-to eight-week-old BALB/c female mice were purchased from the Experimental Animal Center, Medical College of Norman Bethune, Jilin University, and maintained in microisolator cages under specific pathogen-free conditions. The experimental manipulation of mice was undertaken in accordance with the National Institute of Health Guide for the Care and Use of Laboratory Animals, and with the approval of the Scientific Investigation Board of Science and Technology of Jilin Province, China. All mice received humane care in compliance with the 2011 Guide for the Care and Use of Laboratory Animals published by the National Institutes of Health (16) .
Cell Culture
THP-1 cells, human monocytic cell line cells derived from an acute monocytic leukemia patient, and HEK293 cells, IRF5 overexpressing cells, were maintained in RPMI 1640 medium supplemented with 10% (V/V) fetal bovine serum (FBS) (Gibco) and antibiotics (100 IU penicillin/ml and 100 IU streptomycin/ml). All cells were cultured at 37°C in a 5% CO 2 humidified incubator.
To detect the nuclear translocation of IRF5, THP-1 cells were plated into 6-well plates at a density of 2 × 10 6 cells/ Antibodies, Woburn, MA, USA), goat anti-mouse IgG (120344, Jackson Laboratory, Bar Harbor, ME, USA), and goat anti-rabbit IgG (116154, Jackson Laboratory). The monoclonal antibodies of APC rat anti-mouse Ly6G (560599), APC rat anti-mouse IL-6 (561367) and PE-Cy7 rat anti-mouse TNF-α (557644) were purchased from BD Biosciences (San Jose, CA, USA).
Burn injury Model
Before establishing the burn injury model, BALB/c female mice were fasted for 10-12 h and allowed to drink normally. The mice were anesthetized intraperitoneally with 10% chloral hydrate (~140 μl/20 g v/w) (Major Pharmaceuticals, Livonia, MI, USA). The dorsal hair was clipped with an electronic shaver and the residual hair was further removed with hair removal cream. The exposed skin was cleaned
Western Blotting
The samples for Western blotting analysis were prepared from skin tissues or cultured cells. The skin tissues were lysed in ice-cold RIPA buffer (150 mM NaCl, 50 mM Tris, pH 7.4, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS and PMSF). The lysates were centrifuged (14,500 g for 10 min at 4°C) and the supernatant was collected, quantified using a BCA protein assay kit (Wanleibio, Shenyang, China). The cultured THP-1 cells were collected and lysed to separate cytoplasmic and nuclear fractions using the ProteinExt® Mammalian Nuclear and Cytoplasmic Protein Extraction Kit (TransGen Biotech). The lysates from the tissues or cells were separated by 12% SDS-PAGE. Gels were blotted using PVDF membranes (Millipore, Billerica, MA, USA). The membranes were blocked for 2 h at room temperature (22-25°C) with Tris-buffered saline containing 5% dried nonfat milk and probed with various antibodies overnight at 4°C. After being washed with TBST (150 mM NaCl, 10 mM Tris-HCl [pH 8.0], 0.5% Tween 20) three times at 10 min intervals, the membranes were incubated with horseradish peroxidase-labeled secondary antibodies for 1 h at room temperature. After being further washed, the membranes were treated with West Femto Substrate Trial Kit (Thermo Scientific) and the interesting protein bands were visualized by Amersham Biosciences Hyperfilm ECL (GE Healthcare Life Sciences).
Pull-Down assay
Oligodeoxynucleotides, AAAG ODN and control ODN were biotin-labeled at the 5'-end, and 1 μg of labeled ODNs was incubated with magnetic streptavidin beads (50 μl) for 1 h at room temperature. Beads were washed and incubated with lysates (300 μg) of HEK293 cells transfected with IRF5 plasmid overnight at 4°C and then extensively washed. The specifically bound IRF5 was detected by Western blot as described above. tissue as described above were homogenized in 1 ml Trizol reagent (CWBIO, CW0580S) and reverse transcribed using cDNA Synthesis Kit (TransGen Biotech, Beijing, China), respectively. Quantitative real-time polymerase chain reaction (RT-PCR) was performed using two-step SYBR green qPCR assays, and the target mRNA was identified by the specific primers as follows (forward and reverse primers, respectively): TLR9: The mtDNA level was measured by absolute quantification RT-PCR, as previously described (18) . The DNA was isolated from plasma using the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. The primer sequences were designed as 5'-AC TGTTCGCAGTCATAGCCA-3' and 5'-AGCGAAGAATCGGGTCAAGGT-3'. The thermal profile for detecting mtDNA was carried out as follows: 1 cycle at 95°C (30 s) followed by 40 cycles at 95°C (5 s), 52°C (10 s) and 72°C (10 s). Standards for mtDNA were prepared from mitochondria isolated from liver cells of the mice. gently with sterile gauze containing water and sterilized with iodine tincture. The iodine tincture from the prep area was wiped off using gauze containing 70% isopropyl alcohol. A single full-thickness burn (~30% total body) was introduced with electrocautery (400-430°C for 3 s) on the mid-dorsum of each mouse. This protocol was performed as previously described (17) . The anesthetic injury was nonlethal (<1% mortality). Animals were resuscitated with warm water bags (40-45°C). Then they were placed alone in separate cages and maintained under standard conditions in the animal facility (as described above). The experimental procedures were approved by the Ethics Committee of College of Basic Medical Sciences, Jilin University.
Mice were treated with ODNs intraperitoneally or topically. For intraperitoneal application, 0.1 ml of 25 μg ODNs or PBS was injected into the burn-injured mice twice at a 24 h interval, starting immediately after injury. The ODN dose was determined in previous studies (12) . For topical application, 40 μl of 25 μg ODNs or PBS was applied to the wound twice, at a 24 h interval, starting immediately after injury. Sham animal treatment consisted of anesthesia and resuscitation with water bags. Peripheral white blood cells (WBCs) of the burn-injured mice were obtained from blood sampled via mouse eyeball. To collect skin tissues, animals were euthanized, and skin tissues were stored at -80°C until further processing.
Quantitative Real-Time Polymerase Chain Reaction
The blood samples were collected in tubes containing 3.8% sodium citrate (1/9 v/v) and centrifuged (2000 g for 5 min at 4°C). The red blood cells were lysed using ACK buffer (1/9 v/v) (NH4Cl 8024 mg/L, KHCO3 1001 mg/L, Na2EDTA 3.7 mg/L, pH 7.2-7.4) for 7-10 min, followed by washing and centrifugation steps repeated twice. The obtained WBCs and 100 mg of skin
Histological analysis and immunohistochemistry
The skin and lung tissues of the burn-injured mice were fixed in 4% (w/v) paraformaldehyde, embedded into paraffin, sectioned, stained with hematoxylin and eosin, and observed under the microscope. Four parameters -hyaline membranes, interstitial infiltrates, congestion and hemorrhage -were taken into account in the microscopic observation of the tissues. Pathological scores of the lung tissues were determined based on the scale: 0, no pneumonia; 1, mild interstitial pneumonia (<25% of the lung); 2, moderate interstitial pneumonia (25-50% of the lung); 3, severe interstitial pneumonia (>50% of the lung). For immunohistochemistry (IHC), the tissue sections were dewaxed, rehydrated and then incubated in citrate buffer at 95°C for 15 min, enabling antigen retrieval. After being treated with hydrogen peroxide for 10 min at room temperature, the sections were incubated with 1:50 diluted mouse anti-IRF5 monoclonal antibodies at room temperature for 2 h and then washed, followed by incubation with horseradish peroxidase-streptavidin complex (Maixin, Fuzhou, China) for 30 min at 37°C. The sections were then stained with DAB (Maixin) and counterstained with hematoxylin. All steps were performed at room temperature unless otherwise specified. IRF5 + cells were scored as 1, 2, 3, 4, 5 or 6 when the percentage of IRF5 + cells in the total 500 cells in each sample was <3%, 3-6%, 6-9%, 9-12%, 12-15% or 15-18%, respectively.
Flow Cytometry
For surface staining, the WBCs were stained with APC rat anti-mouse Ly6G for 30 min at 4°C in the dark, followed by washing twice with PBS. For intracellular staining, the whole blood was harvested at 2 h post burn and diluted 1:1 with RMIP1640 medium. The cells were added into a 12-well plate and incubated with monensin (eBioscience) for 2 h in 5% CO 2 at 37°C. Then, the cells were collected and fixed with 4% paraformaldehyde and permeabilized with 0.1% saponin, followed by staining with APC rat anti-mouse IL-6, PE-Cy7 rat anti-mouse TNF-α and V450 rat anti-mouse Ly6G. All stained cells were analyzed by Accuri C6 (BD) and FACSCanto (BD) flow cytometers. Live cells were carefully gated by forward and side scattering. Data were analyzed with FlowJo software (v. 7.6.1).
Lung Wet/Dry Ratio
The ratio of wet to dry weight was used as an indicator of pulmonary edema. Half of the left lung samples were separated and weighed. Then the lobe was dried at 60°C for 48 h to obtain the dry weight.
Statistical analysis
Comparisons between groups were conducted using analysis of unpaired t tests. P value < 0.05 (95% confidence interval) was considered to be statistically significant. Statistics were analyzed using GraphPad Prism 5.0 for Windows.
All supplementary materials are available online at www.molmed.org.
RESULTS

Establishment of a Mouse Model with Sterile Systemic inflammatory Responses induced by Skin Burn injury
To establish a mouse model with sterile systemic inflammatory responses, we burned the skin of BALB/c female mice using electrocautery, observed histopathological changes of skin and lung, detected neutrophils and mtDNA in blood, and recorded the survival of the mice. In the sections of burn-injured skin collected at 24 h post burn, we found that the injured dermis appeared to have a disordered arrangement of collagen fibers, cavity formation and cell necrosis, while the muscle underneath the dermis was integrated, though the neutrophils were increasingly infiltrated in the muscular fascia ( Figure 1A) . Above all, the burn injury was considered to be a third-degree burn. As to survival, around 24 h post burn injury, the mice began to die. After being burned, 50% of the mice were dead in 36 h and 100% of the mice were dead in 42 h ( Figure 1A) . We checked the internal organs of the injured mice and found that there were bleeding points, hyperemia and infiltration of neutrophils in lung tissues at 24 h post burn injury ( Figure 1B) . When counting neutrophils in peripheral blood of the mice at 2 h and 24 h post burn injury, we found the percentage of Ly6G + cells in WBCs was significantly increased (P < 0.05). Unexpectedly, we found the expression level of Ly6G on neutrophils from burn-injured mice was significantly decreased (P < 0.05) ( Figure 1C ). In addition, we also found that mtDNA levels in plasma of the burn injured mice were obviously elevated (P = 0.0263) ( Figure 1D ). These results suggest that burn injury of the skin can result in sterile systemic inflammatory responses, and mtDNA released as a damage-associated molecular pattern may trigger the response.
influence of aaaG oDN on the Survival of Burn-injured Mice To test whether AAAG ODN could rescue burn-injured mice from death, we intraperitoneally injected the mice with AAAG ODN at 25 μg per mouse twice at a 24 h interval, starting immediately after burn injury. The survival of the mice was recorded. The results show that AAAG ODN significantly prolonged survival of the burn-injured mice (P < 0.05). At 36 h post burn injury, five of the eight mice in the AAAG ODN group were alive, while all of the mice in the PBS group were dead and only two of the mice injected with control ODN survived (Figure 2A) . Surprisingly, when applied through the burn-injured skin at the same dosage and interval as for intraperitoneal injection, AAAG ODN failed to rescue the mice ( Figure 2B ). The results indicate that the burn-injured mice succumbed to systemic inflammatory response and AAAG ODN could rescue the mice by inhibiting the response. detected the protein levels of TLR9, MyD88, NF-kB and IRF5 in the injured skin tissue by Western blotting. We found that burn-injury stimulation induced obvious elevation the protein levels of TLR9, MyD88, NF-κB and IRF5 in the burn-injured skin (P < 0.05) (Figure 3B ), AAAG ODN only reduced the expression level of IRF5 (P < 0.05), and control ODN had no effect on the expression of TLR9, MyD88, NF-κB and IRF5 ( Figure 3B ). To find the types of cell whose IRF5 expression was interfered by AAAG ODN, we stained the injured skin tissues by immunohistochemistry using anti-IRF5 mAb, and found that AAAG ODN reduced IRF5 expression in the keratinocytes and fibroblasts of the burned skin ( Figure 3C ). These results suggest that AAAG ODN could inhibit inflammation initiation by interfering with the function of IRF5 in skin tissues.
inhibitory Effect of aaaG oDN on Production of inflammatory Cytokines in Burn-injured Mice
After finding that AAAG ODN was capable of downregulating IRF5 expression, we tested whether it could inhibit the expression of IRF5 downstream inflammatory cytokines, including TNF-α and IL-6. First, we detected TNF-α and IL-6 mRNA levels of the burn-injured skin at three time points post burn injury. The results reveal that mRNA levels of TNF-α and IL-6 were obviously elevated at the injured skin in mice early and 24 h post burn injury (P < 0.05). AAAG ODN displayed an inhibitory role in mRNA transcription of TNF-α in the burn-injured skin at 0.5 h and 24 h post burn injury, and also on the mRNA transcription of IL-6 in the burn-injured skin at 0.5 h and 4 h post burn injury ( Figure 4A ). To observe whether the burn injury could induce systemic production of inflammatory cytokines and AAAG ODN could inhibit the production response, we detected mRNA versus protein expression of TNF-α and IL-6 in circulating WBCs. We found that the burn injury significantly promoted the expression of TNF-α injury significantly stimulated the transcription of TLR9 (P < 0.05), MyD88 (P < 0.01), NF-κB (P < 0.05) and IRF5 (P < 0.01) mRNA in the injured skin at 0.5 h post burn ( Figure 3A) . AAAG ODN could significantly downregulate the transcription of IRF5 mRNA (P < 0.01) but not TLR9, MyD88 or NF-κB mRNA, and control ODN did not affect the transcription of any of the factors ( Figure 3A) . To confirm the results, we
Effect of aaaG oDN on the Expression of inflammation Related Factors in Burn-injured Skin in Mice
To study whether the effect of AAAG ODN on reducing burn injury-induced death in mice was caused by inhibiting the initiation of inflammation, we detected the levels of inflammationrelated factors in the burn-injured skin of mice treated with either AAAG ODN or control ODN. The results show that burn inflammatory response by reducing the production of TNF-α and IL-6 in the circulating neutrophils.
Effect of aaaG oDN on Reducing Pulmonary inflammation in Burn-injured Mice
Owing to a high risk of multiple organ failure seen in burn-induced ALI (19, 20) , we tested whether the AAAG ODN could reduce the lung injury of the model mice. Histopathologically, at 24 h post burn injury, the lungs of burn-injured mice treated with PBS and control ODN displayed thickened and congested alveolar walls and numerous infiltrated inflammatory cells. In contrast, the mice treated with AAAG ODN showed no or few changes in their lung tissues ( Figure 5A ). The pathological score of the lung tissues in the burninjured mice treated with AAAG ODN was lower than that in the mice treated with PBS and control ODN ( Figure 5B ). To assess whether edema occurred in the lungs of burn-injured mice, we measured the wet and dry weight of lung tissues and found no difference in wet/dry ratios of the lungs isolated at 24 h post burn injury ( Figure 5C ). The results suggest that AAAG ODN could reduce ALI in mice injured by burn.
The interfering Role of aaaG oDN on iRF5
Since AAAG ODN can enter cells to modulate IRF5 expression, it is reasonable to presume that it may also interact with IRF5. To determine the relationship of AAAG ODN and IRF5, we performed a pull-down assay using IRF5-transfected HEK293 cell lysate to interact with AAAG ODN, followed by Western blotting with anti-IRF5 antibody. The results show that the cell lysate contained abundant IRF5 protein and AAAG ODN could partially pull down IRF5. Surprisingly, control ODN could pull down IRF5 proteins ( Figure 6A Figure 4D ). All of the above results suggest that AAAG ODN could lessen the burn injury-induced systemic mRNA at 0.5 h, 4 h and 24 h, and IL-6 mRNA at 0.5 h post burn injury. The increased mRNA levels of TNF-α and IL-6 could be significantly reduced by AAAG ODN but not by control ODN ( Figure 4B) . Also, the burn injury obviously induced protein expression of TNF-α and IL-6 in the WBCs of the injured mice and AAAG ODN, not control ODN, significantly downregulated the expression ( Figure 4C ). To identify the TNF-α/ IL-6 producing cells, we stained the burn-associated systemic inflammation (23) , and to evaluate whether a nonspecific phosphodiesterase inhibitor could attenuate burn-induced inflammatory signaling via the mitogen-activated protein kinase pathway (24) . Recently, C57BL/6 mice have also been adopted to investigate inflammatory gene expression induced by burn injury (25) .
Comparatively, BALB/c and C57BL/6 mice could exhibit similar inflammatory responses to burn injury, manifested by the production of TNF-α and IL-10 from splenic macrophages stimulated with LPS (21) . Informatively, the data obtained from both BALB/c and C57BL/6 mice could provide insights for clinical settings, because the expression profiles of TNF-α and IL10 change significantly in burn patients compared with healthy persons (26, 27) . Moreover, the similarities of the changes in gene expression and a number of similar pathways/biogroups between the mouse burn models and human burn conditions also suggest that the mouse model could be used to mimic human responses to inflammation (28, 29) . In this study, a 30% total body surface area burn injury induced 100% mortality in BALB/c mice. The mortality rate is obviously higher than the 50% reported by other groups (30) . The discrepancy might not be due to the depth of the burn injury, because pathological examination showed that the muscle underneath the burned dermis was still integrated, indicating a third-degree burn of the skin ( Figure 1A ). In addition, the gender of the mice and the treatment of pre-burn starvation may also have contributed to the high mortality. Female mice were used in this study, and they were reported to be more vulnerable to sustained burn injury compared with males (31). Depriving food was found to markedly increase the sensitivity of mice to LPS toxicity, manifested by LPS (15 mg/kg) causing 20% lethality in fed mice, while 100% of fasted mice succumbed (32) . Starvation also enhances the severity of inflammatory disease in humans. Prolonged starvation could investigate thermal injury-induced immune dysfunction to find approaches to reverse the dysfunction (21) . In this study, by using BALB/c mice, we demonstrated that AAAG ODN could suppress systemic inflammation caused by severe burn injury, and therefore prolong the survival of the mice. Evidently, BALB/c mice were used by other groups to observe the effect of lowenergy shock waves on attenuating acute pro-inflammatory cytokine expression (22) and the effect of endogenous hydrogen sulfide on aggravating CpG 2006 for 24 h. This time point was chosen by kinetic observation, shown in Supplementary Figure S3 . The cells were collected and separated into cytoplasmic and nuclear fractions for detecting IRF5. It was found that AAAG ODN, not control ODN, obviously reduced the IRF5 in nuclear fractions ( Figure 6B ), indicating that IRF5 nuclear translocation could be inhibited by AAAG ODN.
DiSCUSSioN
BALB/c and C57BL/6 mice were commonly chosen as model animals to IRF5 expression could be autoregulated via a positive feedback loop, in which IFN-α expression is upregulated by IRF5 and in turn IFN-α increases IRF5 expression (40) .
Structurally, AAAG ODN was in consensus with the IRF5 binding site in the cis-regulatory elements of proinflammatory cytokines such as TNF-α and IL-6 (2,41). Thus, AAAG ODN could bind and interfere with IRF5, resulting in reduced production of the proinflammatory cytokines TNF-α and IL-6. This interference was demonstrated in this study. As shown in Figure 6 , nuclear translocation of IRF5 was induced by CpG 2006 and inhibited by AAAG ODN in cultured cells. This inhibition could be attributed to the interaction between IRF5 and AAAG ODN, since IRF5 in cultured cells could be pulled down by AAAG ODN. Unexpectedly, the control ODN consisting of CCT repeats also to the neutrophils, local keratinocytes and fibroblasts in the burned skin could also contribute to the rapid systemic inflammation by producing inflammatory cytokines. The keratinocytes and fibroblasts were identified as TLR9 and IRF5 expressing cells (36) (37) (38) , and therefore could be activated by the mtDNA released from burned skin through the TLR9-MyD88-NF-κB/IRF5 pathways. As shown in Figure 3 , IRF5 expression was accompanied by increased expression of TLR9, MyD88 and NF-κB in the burned skin. The increased expression of IRF5, TLR9, MyD88 and NF-κB could be correlated with activation of the TLR9-MyD88-NF-κB/IRF5 pathways. The correlation could be supported by data showing that the upregulation of TLR9, MyD88 and NF-κB, induced by mtDNA (23) or other CpG rich DNA (39) , led to the activation of TLR9-MyD88-NF-κB/ IRF5 signaling. Moreover, as reported, lead to the development of inflammatory changes like SIRS in patients with intestinal endotoxin-induced inflammation (33) . In addition, massively produced TNF-α and IL-6 in the development of SIRS contributed to the high mortality in patients with severe burn injury (34) . As shown in Figure 4 , 30 min post burn, TNF-α and IL-6 were readily detected in circulating WBCs, as well as burned skin. As reported, the rapidness was accompanied by burn injury-induced activation of NF-kB within 30 min and significantly increased IL-6 production in lung tissue (35) . Noticeably, globally inflammatory reactions were rapidly initiated by burn injury. As shown in Supplementary Figure S1 , within 30 min post burn, neutrophils were massively mobilized into the blood. The neutrophils were activated by mtDNA to secrete huge amounts of TNF-α and IL-6 (1), causing rapid systemic inflammation. In addition Data are represented as mean ± SEM (n = 3 mice/group). *P < 0.05, **P < 0.01, ***P < 0.001. required to ensure adequate localization or penetration of the topically applied AAAG ODN (43, 44) . In contrast, intraperitoneal application of AAAG ODN rescued the burned mice from death, suggesting that intraperitoneally applied AAAG ODN could readily reach the injured skin and blood circulation. As shown in Figure 4 , intraperitoneally applied AAAG ODN significantly reduced the levels of TNF-α and IL-6 and the Ly6G Based on the accumulated evidence, ALI, as one of main complications post burn injury, was associated with burn-induced high mortality (19) . Consistently, ALI was observed in severe burn-injured mice and caused the death of the mice. ALI has been attributed with burn-induced systemic production of a large amount of TNF-α (45) . In rodents, a burn-induced elevation of TNF-α in serum was correlated with ALI (20, 46) . In humans, elevated serum levels of TNF-α was considered to have predictive value for development of ALI/ adult respiratory distress syndrome and associated with patient mortality (47) . Thus, reducing the systemic production of TNF-α could be an approach to save severe burned mice by reducing the occurrence of ALI. In this study, we demonstrated that the lifesaving intraperitoneal injection of AAAG ODN downregulated TNF-α in the WBCs of burn-injured mice, and this downregulation was associated with reduced ALI, manifested by reduced inflammatory cell infiltration in the lungs. Similar results were also observed in our previous work showing that AAAG ODN treatment significantly reduced neutrophil infiltration and TNF-α production in the lungs of mice challenged with lethal influenza virus infection (12) .
CoNCLUSioN
These studies demonstrated that AAAG ODN could alleviate the system inflammatory responses induced by burn injury, and the effect was correlated with pulled down IRF5 from the cells. To understand this, we compared IRF5 binding DNA sequence with the sequence of the control ODN using an online analysis tool (http://jaspar.binf.ku.dk/ and http://www.genomatix.de/), and failed to find the correlation. Unlike AAAG ODN, the control ODN couldn't inhibit nuclear translocation of IRF5 and was unable to downregulate the production of TNF-α and IL-6. Thus, we might presume that although the control ODN could bind IRF5, it was insufficient to interfere with IRF5 to activate pro-inflammatory cytokine genes as AAAG ODN did. Interestingly, our data show that AAAG ODN not only bound IRF5, but also downregulated the expression of IRF5. The downregulation might be attributed to ubiquitination of IRF5. As reported, IRF5 bound to an apoAI mimic was ubiquitinated, and then degraded (42) . Noticeably, AAAG ODN, when topically applied, failed to rescue the mice with severe burn injury from death. We tried to treat the mice immediately after burning with AAAG ODN at a reduced dosage (6.25 μg/mouse) four times at 3 h intervals, and failed to prolong survival of the burned mice (Supplementary Figure S2A) . Alternatively, we started to treat the mice at 2 h post burn by using AAAG ODN at the dosage, frequency and intervals as described above, and found that three of the five burned mice that received AAAG ODN were still alive at 60 h post burn, while the mice treated with PBS were all dead (Supplementary Figure S2B ). This observation suggests that the efficacy of the topically applied AAAG ODN could be improved if the dose and dosing schedules were appropriately adjusted. In addition, an appropriate dosage form may be AAAG ODN-mediated inhibition of nuclear translocation of IRF5. The data suggested that AAAG ODN could act as a cytoplasmic decoy capable of interfering the function of IRF5 and be developed as a drug candidate for the treatment of inflammatory diseases.
Together, the data presented here may provide an experimental basis for understanding how IRF5 is involved in overwhelming acute systemic inflammation, and for developing AAAG ODN as a medication candidate for the treatment of SIRS caused by sterile damage such as severe burn injury or pathogen infection via interfering IRF5.
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